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The most obvious part in the modern teaching of psychology 
noticeable even to the casual observer is the variation in the sequence 
of topics presented. There is little uniformity of sequence, writers 
or teachers choosing their own arrangement to suit their own 
private purpose, or, seemingly, with no clear purpose at all. Some 
even entertain a mean opinion of the question of sequence. Such 
a general and rather superficial observation led to an effort to 
determine what the exact facts are concerning the sequence of 
topics. A canvass of a score or more of elementary text-books was 
made. This emphasized the fact that writers viewed the subject 
from widely different angles. Most texts treat of the same topics 
but no two texts have the same order and only in a few cases was 
the sequence found to harmonize for more than three successive 
topics. The method of recording and tabulating these data was 
as follows. First, an arbitrary order of topics was chosen. This 
order may have some merit in itself but no defense of it is made in 
this study. Its general form was borrowed from a colleague (Prof. 
A. Caswell Ellis), was modified in some respects to suit external 
conveniences and has been used with considerable satisfaction for 
several years. However, in this study it is to be considered only an 
arbitrary order. Second, the orders in which these same topics 
were introduced in the text-books were tabulated. Considerable 
difficulty was experienced in doing this. The complex interlockings 
of the discussions made it necessary in some cases to give two topics 
the same ranking. In some such instances the rank is in a fractional 
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position. In other cases it was difficult to make a choice between 
two widely separated presentations as to which should be con- 
sidered the adequate initial discussion. Where a topic was not 
discussed by an author it has been indicated by an X and the topic 
immediately following it in the arbitrary order has been raised one 
rank and all numbers above it correspondingly raised. For ex- 
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ample, Thorndike treats perception as a second topic, but as he 
gives no discussion of apperception, perception is given third instead 


= | 2 
= a = =| 3 
II 13 (14/15/16 18 19/20 
13 | 2 3 X 
6 | 8 | 2 x< I 
ames..... 12.5) | 3 |20) 4 
2 3-5) 3.5 16 | 8.5 19/18 
3 13.5| 2 19|20 
| 
| 6 |16)2 |1 |8 m= shes 
3 | Sit 19 6 |15 10 16) X 
9 | 5/8 |X| X 3 19 X 
Taste II 
| 
= & = 
4 5 II 12.5)12.5 14 
18 [15 314 | 5 |10 
18 | 3 8 6.5) 6.s|12 
II 6, xX 5 |16 
| [2 SITS 
3.5 2 {18 | \13 
12 | 8 [16 | | 910 | X [17 
2 5 18 | | X 
| 10 | X | 114 | 61 9 [15 


THE SEQUENCE OF TOPICS IN BEGINNERS’ PSYCHOLOGY 91 


of second rank and imagination is given fourth rank although it is 
really the third topic discussed. Table I represents a part of the 
results of this survey.? 

It was feared, however, that the order chosen had in some 
manner predisposed the order to vary by wide reaches, and con- 
sequently the data were re-tabulated with the order in James’s 
Psychology (Briefer Course) as the basis for ranking. (See Table 
II.) 

So significant were the results of this preliminary survey that a 
questionnaire was sent to teachers of beginner’s psychology in the 
United States. Reactions were obtained on various aspects of the 
subject among which was the order of topics which was thought 
best by each teacher. Thirty-seven replies were received which 
gave complete answers to questions or contributed to certain aspects 
of the discussion. ‘These are well distributed geographically and 
are representative of the teachers of pure psychology in most of 


the better colleges and universities. ‘The questionnaire was as 
follows: 


1. What text-book in psychology do you use, or would you recommend for a begin- 
ner’s course for college students? 

2. What change, if any, do you make or would you recommend in the order of 
topics in the text when presenting them to a class? 

3. What circumstances would lead you to change from one order of sequence to 
another? 

4. What is your most fundamental definition of psychology? 

5. To what extent and in what way does your definition of psychology influence 
your point of attack and your subsequent order of topics? 

6. Criticize the following order and re-number in what you consider a more logical 
arrangement: 1. Introduction. 2. Association. 3. Memory. 4. Imagination. 5. Ap- 
perception. 6. Perception. 7. Conception. 8. Sensation. 9. Nervous system. 
10. Habit. 11. Instinct. 12. Feelings and emotions. 13. Interest. 14. Attention. 
15. Imitation. 16. Suggestion. 17. Will. 18. Personality, or The Self. 

7. Explain fully your disposition of the nervous system. 

8. Where would you put discrimination, judgment, and reason in such a sequence 
as you give? 

9. Need the sequence of topics of elementary psychology as a pure science be 
different from that of psychology as a practical science (i. ¢., educational)? 


’ For much of the labor of working up and checking details of this study the writer 
is indebted to his pupils, especially to Mr. E. D. Jennings and Miss Marguerite Jenks. 
Selected texts referred to in tables I and II are: Angell: Psychology (1908); Calkins: 
Text-book (1912); James: Psychology (briefer course) (1892); Judd: Psychology (1912); 
Pillsbury: Essentials (1911); Titchener: Primer (1899); Titchener: Text-Book (1910); 
Thorndike: Elements (1907); Ebbinghaus, Psychology, Trans. (1908); Bolton: Principles 
of Education (1910); Halleck: Psychology (1895). 
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10. One teacher works from the viewpoint of the science as a logically organized 
body of knowledge, another, from the viewpoint of the student’s approach to the 
subject. In what way should the order of sequence of topics differ? 


The object of question 1 was to call a partial roll of teachers to 
see what books are in common use. Three books were found to 
be most commonly mentioned, being mentioned eighteen, fourteen 
and ten times respectively. Fourteen other texts were referred to 
and were given a total of twenty votes. Many expressed dissatis- 
faction with all texts. One says, “I can recommend none. I use 
. . . with an extensive syllabus.”” Another confessed to have used 
a different one every year and found none satisfactory. One man of 
considerable experience writes, “Using . . . in one class, . . . in 
another, with . . . as supplementary text for both. Prefer... 
but far from satisfied with it.” Another says, “I have come to 
believe that no text-book yet published has presented the subject 
in the best way for beginners.”” Another prominent man writes, 
“If you want my candid opinion I would say that I would chuck 
the whole lot somewhere in the middle of the Atlantic ocean and 
start over again.” As no special comparison or estimation was 
called for, these expressions may be taken as an indication of 
marked unrest among teachers. Only one person expressed himself 
as perfectly satisfied. 

Question 2 relates to the shifting of the order of the topics in 
the text. The whole question of pedagogical advisability of chang- 
ing the order of chapters from what an author has in his book is open 
to serious question. This fact was recognized by some, but many 
indicated fundamental changes in their answers to the question. 
Three expressed themselves as satisfied with the order in one text, 
four with the order in a second text, and four with the order in a 
third text—naming respectively the three most popular texts. 
One would “begin with a study of the nervous system and then 
present sensation, imagination and higher thought processes.” 
Another would “begin with the fundamental instinctive impulses 
to which the cognative aspects are guides’”’ (whatever those im- 
pulses are the writer is in doubt), and would “greatly reduce 
the time given to the nervous system.” One prominent writer and 
teacher goes through first in the author’s order so that students 
will get a grasp of the whole with each part in place and then in a 
thorough review organizes the matter into what seems to him a 
logical unity. 

The returns represent all aspects of a very chaotic situation. 
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Fortunately, this was anticipated and some light has been thrown 
upon the causes of this diversity of usage. Though the returns in 
this regard are not as complete as would be desirable, yet they are 
very illuminating. One teacher shifts the order because he is out 
of sympathy with the biological point of view of his author. Four 
think the ability and preparation of the class might justify or 
prohibit any shifting of the order of the text. Others answered 
generally by saying, “get topics naturally related,” “place the 
psychological ahead of the logical consideration,” “get it based on 
the functional conception,” etc. Another wishes to avoid the 
primacy position of the discussion of the nervous system so as to 
“prevent the student from thinking that the mind is nerves,” or 
as another says “it is so nearly impossible to lead the students to 
psychologize after they have formed the habit of physiologizing.” 
Throughout, there is manifest this sharp line of cleavage on the 
place for introducing and the relative amount of time devoted to 
the study of the nervous system. 

Questions 4 and § sought a statement of the most fundamental 
definition of psychology to see how this, as a personal point of view, 
influences the way in which the work is begun and the subsequent 
order of topics. Returns in this case are very satisfactory but very 
difficult to present in a brief way. ‘Those who define in terms of 
mental processes are about as numerous and as insistent as the 
behaviorists. Some formulate definitions which seem to evade or 
bridge over the troublesome line of cleavage with the result in most 
instances of vagueness and indecision. Sometimes mental processes 
are limited to the conscious field and behavior to that of conscious 
guidance. The following are selected as some of the best definitions 
obtained: “‘Science of human behavior,” “Human consciousness 
viewed both structurally and functionally (behavior),” “A descrip- 
tion of the movement of consciousness,” ‘“‘Science of individual 
experience,” “‘The nature and structure of that which controls 
reactions and how it acquires this control,” “Science of human 
behavior inclusive of the mental processes.”” What teacher has not 
encountered confusion of definitions and terms when he has induced 
his students to read widely on the subject in hand? There is in this 
array a hint of the reason for the many pages of useless quibbling 
in psychological periodicals and the feeling of despair which follows 
sO many national meetings of psychologists. How could one hope 
for agreement or even a degree of uniformity in other aspects? 
Interesting light is shed on the situation by the opinions of these 
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teachers as to how much the definition influences the point of attack 
and the sequence of topics. Presumably, the most fundamental 
definition would indicate this point of view. If this is a deter- 
mining factor, how definite is it and what is the proper sequence from 
each viewpoint? As would be expected, those who define in terms 
of nerve elements begin with a study of the nervous system in 
considerable detail, and each admits his definition determines that 
precedence but when one of these undertakes to formulate sequence 
in answer to the next question he fails and adds a note: “One can 
answer this only on the basis of a completed psychology. I doubt 
if anyone is qualified to answer the question definitely.” One who 
has the mental process point of view denies its influence: “ Point of 
attack, probably not at all, and order of topic, not at all.” He then 
makes the following recommendations for sequence: Habit, nervous 
system, sensation, attention and interest, perception and apper- 
ception, association, memory, imagination, conception, feelings, 
instincts, emotions, suggestions, will and self. Another with the 
same point of view starts with self, suggestion, imitation, etc., which 
is almost the reverse order. Without exception those who define in 
terms of consciousness claim that it leads in the beginning into a 
study of the nervous system, with sensation, habit, perception and 
instinct coming early. Their reasons are the conventional ones 
based upon their conception of psychology as an organized, system- 
atized science which must be rooted or objectified in the meshwork 
of nerves. One behaviorist is also induced in a “fundamentally 
important way” by his point of view to begin with a thorough 
knowledge of the nervous system. Another would introduce 
sefisation, nervous system, habit, attention, etc., leaving instinct 
and will till much later. Most of the others begin with instinct, 
“the basis of all forms of adjustment,” pass over or minimize the 
nervous system, passing on to habit or attention, or emotion, or 
sensation, or association, or perception, etc., each in his own way to 
the end of the course. The general conclusion is that so far as the 
returns show there is just about as much conformity among those 
who do not have the same point of view as among those whose 
fundamental conceptions and view-points are similar. 

Next in order are the various sequences which these people 
propose as desirable. Results are placed in a true ranking as in the 
case of text-books. The arbitrary order does not seem to have 
determined the recommendations. Table III shows the variety of 
arrangements. Before entering upon any detailed interpretation, 
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however, some interesting facts should be presented upon the cen- 
soring and combining of certain topics in thelist submitted. Seven- 
teen recommended changes of this character. Five censored ap- 
perception outright, four combined it with perception, three re- 
commended that it follow perception, while the others gave it 
independent positions later in the course. Will was censored by 
three, while one would base the whole discussion on will. Sensation 
and the nervous system were censored twice each. Perception was 
made a part of memory once and of association once, in addition to 
the above grouping with apperception. Instinct was grouped with 
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imitation three times and with emotion twice. Other combinations 
are interest and attention, sensation and nervous system, with habit 
and perception, conception with association, memory with associ- 
ation and with perception. All of these as well as others not men- 
tioned are reasonable and possibly justifiable, but the lack of 
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correlation is still marked. There are a few prominent nodes but 
the most apparent feature is the diversity of the recommended 
sequences. 

In the last three lines of Table III are shown the average ranking 
given to each topic, the mean variation of the judgments and the 
ranking of these variations. Perhaps, no individual would approve 
of the average rank and the figures show only the general tendency 
to give an early or late treatment and the degree of agreement 
between the judgments. Thus interpreted the figures would mean 
that there is some agreement that will should come late, that the 
nervous system should be treated early, but slight agreement on the 
early introduction of habit, etc. 

Of twenty-nine replies to question 9, whether there should be a 
difference in sequence in elementary courses in pure and applied 
psychology, fifteen answered “‘ No!” with a bold hand, six, “Do not 
think so,” others “Think not,” “‘ Not materially,” “Not necessarily, 
but probably would,” while only one answered “Yes” and straight- 
way disclaimed the right to an opinion in educational psychology. 
So here is one thing on which there is practically unanimous agree- 
ment as far as the returns go. Personally, the writer has a very 
strong conviction that the one is right and the twenty-eight are 
wrong, and so with a veritable abandon of confusion the reported 
verdict is rejected. Even at the risk of being alone in the contention 
it is urged that educational psychology even with beginners should 
begin at a different point, proceed in a different manner, and have a 
materially different content from that of psychology as a pure 
science. 

Twenty-three ventured an answer to question 10 on the conform- 
ity of sequence when the viewpoint was that of the logically organ- 
ized science and when it was that of overcoming the student’s 
difficulties in his approach to the subject. Eight think the order 
should be different, while nine would not make any difference. 
Six were somewhat non-commital or ambiguous. The question is 
faulty in that it asssumes there would be a difference. Such an as- 
sumption might predispose even psychologists to accept the as- 
sumption and discuss it. It is not known that this really was the 
case. More than one reply showed clearly the difference without 
indicating what the order would be in each case. Several think 
that if there is to be a difference the latter condition should prevail 
and determine the sequence in order to secure economy of instruc- 
tion. Another teacher is sure there would be no difference if we 
accept the behavior point of view. Nearly all of those who see no 
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distinction of sequence wished the pupils’ approach to determine 
the one order used for both, but am equally eminent scholar answers: 
“None—always put first things first,” which implies just the 
opposite from the above. Another thinks that if psychology is a 
science, it must be explained as a science and the pupils’ difficulties 
recognized in the illustrative material. Another, evidently a 
pragmatist, would change the logical organization if it did not work 
best as now organized, the test being whether it can be taught. As 
these returns are mainly from teachers of pure psychology, they 
may be expected to be very diverse and somewhat unreliable as 
regards the applied phases of the subject. 

As to the proper placing of discrimination, judgment, and 
reasoning, twenty-five answers were received. Nine of these would 
put the group near the end of the course with reasons generally 
assigned that these topics are more abstract, more difficult, less im- 
portant, etc. Seven of the remainder would place them in sequence 
following conception which itself is given an average ranking of 10.1. 
Others would take them up after perception, between memory and 
feeling, after will, before will and so on. Still others would break 
up the group placing discrimination with association, or attention, 
or perception, while judgment and reason would be taken up with 
the conceptual or volitional material. No conclusions can be 
drawn. The position in the arbitrary order is even admittedly out 
of sequence. 

Probably no topic shows more divergent views than the proper 
disposition of and relative emphasis on the nervous system. Some 
expressed their views in giving reasons. for shifting the order of 
chaptersin the text. Sixteen of the correspondents would introduce 
the topic early but the amount of attention would range from two 
periods to six full weeks. Some confessedly introduce it early 
because it can not be prescribed as a prerequisite and they feel 
the need of it as a basis of discussion. Another sets the topic for 
desultory reading and takes up a detailed study later in the course. 
Others begin with it in considerable detail both as gross and micro- 
scopic anatomy. There seems to be a disposition on the part of 
many to reduce the discussion to a minimum, with the reflex arc 
and a simple statement of the cell energy and synaptic theories of 
discharge as that minimum. The rough geography of localization 
and the structure of certain sense organs are studied as correlations 
of other topics. 

Another means of showing the lack of agreement is to take any 
particular topic, such as association, and observe what precedes and 
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what follows it in the text-books. For instance association is found 
in eleven texts to be between interest and nervous system, memory 
and imagination, interest and apperception, perception and habit, 
discrimination and interest, etc., no two groupings being the same 
(see table I). Ten different topics immediately precede association 
and seven different ones follow it. Add to this the disparate group- 
ings found in the recommendations of teachers as follows: Intro- 
duction and memory, memory and sensation, attention and memory, 
attention and imagination, suggestion and will, etc. (see table III). 
From thirty sources we find twenty-seven different recommenda- 
tions. This and the following cases must be qualified by the fact 
that in the teachers’ arrangement of sequence the topics discrimina- 
tion, judgment, and reasoning did not appear. 

The case of attention is not more uniform. Atteation in the 
texts stands between self and conception, habit and discrimination, 
sensation and interest, emotion and nervous system, etc. Here 
again no two agree. Add to this the groupings found in the re- 
commendations of teachers and again in thirty judgments there are 
twenty-eight different recommendations. Other topics show equal 
diversity of groupings. 

Recapitulating, it is found that association is judged proper to 
follow fifteen of the twenty-one topics used in the outline, and 
fourteen of the topics may appropriately follow it. With attention 
there are fifteen topics recommended to come before and sixteen to 
follow it. It would appear from all of this that if each had tried to 
select a sequence which no other would approve of there would 
have been no more lack of harmony. 

It is fairly obvious from this array of facts, that psychologists 
and teachers of psychology must admit a woeful lack of exactness 
in their science or confess negligence in giving it its merited organ- 
ization. As tothe first point it is frequently claimed that psychology 
is a unified formative science any aspect of which will serve as an 
introduction to the remainder of the subject. Such a claim, it 
seems, can be substantiated for physics and to a degree for chem- 
istry and biology, each of which is a specialization from the older 
natural philosophy courses, but it is not certain that it is true 
of psychology. Each of the physical sciences rests upon its own 
principles with its own complement of facts and laws. The older 
teachers of natural philosophy before its disintegration could, no 
doubt, present their subject from almost any angle of approach. 

It was the mother of many specialized physical sciences. It is, of 
course, dangerous to reason by analogy, but in regard to the flexi- 
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bility of approach, the similarity between natural philosophy and 
mental philosophy is clear. Natural philosophy has been broken 
up into many definite sciences and is destined to still further divi- 
sion. Mental philosophy has changed its name to one of more 
orthodox origin without material change in its content. There is a 
prospect in recent months of a divorcement of the subjective from 
the behavior aspects, an accomplishment highly desirable it would 
seem. Possible there can be no hope for better uniformity until 
some differentiation takes place. 
The purpose of this paper has been to present the facts of the 
manner of approach and sequence of topics as they now exist in 
introductory text-books and in beginners’ classes, without discussing 
the reason for certain topics having any special order of sequence. 
The conventional rubrics are employed but the data lack definite- 
ness in that even the familiar terminology has widely different con- 
notations for different writers and teachers. In so far as possible 
this has been taken into consideration in indicating the relative 
position in the text-book order. It is acknowledged, however, that 
the illustrative materials may be so selected as to give a degree of 
unity and rationality to each of the orders of presentation in the 
text-books where no uniformity is apparent. Probably this is even 
more easily accomplished by teachers than it is by a text-book 
author. While there seems to be no justification for the extent of 
the disagreement found, it must be remembered that the real may 
be more than the apparent uniformity. But, when all this is con- 
sidered the conclusion is urgent that the field of psychology is ready 
for disintegration and specialization and that there must arise a 
group of new definite sciences from the wreckage of mental philos- 
ophy. Is it not time and is it not possible to run certain fundamen- 
tal boundary lines and allow each man to stake out and work his 
own claim? It does not seem necessary or advisable for any one to 
scuttle the old craft in mid-Atlantic before he has another craft, 
or at least some life-belts, conspicuously displayed. Why waste 
time and energy in useless efforts at mutual annihilation? Better 
resort to divorce proceedings and have done with the dissipating 
bickerings. The topic of mental philosophy as a whole might even 
remain the punching bag for mental gymnastics for those who desire 
such a plaything. At the same time, a rational appreciation of its 
practical value as an instrument of social adjustment would give 
unity and harmony along several different lines. Until that time 
we may expect to find the chaos of sequence of topics a true index 
of the chaos of subject matter. 
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GENERAL REVIEWS AND SUMMARIES 


SENSATION-GENERAL 


BY MADISON BENTLEY 
University of Illinois 


Upon examining physical standards of measurement (without, 
unfortunately, referring to the standard physical and psycho- 
physical treatises upon measurement) De Laguna (5) discovered 
that the “elementary physical properties and relations form a system 
of concepts . . . which are evidently incapable of definition in sen- 
sational terms.” The careful reader will not confuse De Laguna’s 
“‘sensation” with the sensation of analytical psychology. Cohen 
(4), too, has difficulties with the term “sensation,” which lead him 
to protest against the fashion of explaining illusory and contradic- 
tory perceptions in terms of secondary, “subjective” qualities. 
Watt (10, 11) continues his noteworthy attempt systematically to 
formulate the principles of mental integration. Integrated com- 
plexes Watt calls “modes,” and he contends that “the systematiza- 
tion of the integrative modes of sensory experience is the task that 
for a scientific psychology inevitably follows upon the systematiza- 
tion of the simplest sensations.”” Watt’s studies should be taken 
in connection with the Austrian doctrine of fundterte Inhalte and 
Gestaltqualitat. For the second of these terms Ackerknecht (1) 
proposes to substitute the term “‘sensory combination” (Emp- 
findungsverbindung) which he prefers also to Witasek’s Vorstel- 
lungsproduktion. Ackerknecht thinks that the combinations of 
figure and rhythm lie at the basis of spatial and temporal per- 
ceptions; but he does not make it clear how the addition of a new 
term is designed to improve our descriptive knowledge of sensory 
integration. In his critical study of psychological categories, Rahn 
(9) goes beyond the laws of sensory and non-sensory integration to 
compare the psychological procedure which analyses, content-wise, 
into sensations and thought-elements with the view which regards 
consciousness as act. Rahn is himself inclined toward the cate- 
gories of activity, wherein is to be found the real process of con- 
sciousness. Sensations tend, as he thinks, in spite of the protest of 
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the sensationalists, to be “static entities,’ while their defenders 
stumble in the logic of attribute and element. In a long analysis of 
the concept of sensation, Hofmann (6) criticizes the “pure” and the 
“simple” sensations, and then he seeks to construct, on the basis 
of Husserl and Hering, a psychology of visual space. Pikler (8) 
combats the customary view that sensation bears a definite relation 
to stimulus and to sensory stimulation. He contends, in a study of 
comparison, that sensations proceed from an “activity of the sub- 
ject.” Bleuler (3), a veteran student of synesthesia, is convinced 
that photisms and the like are not ordinary sensations, not images, 
and not associations; that they are secondary sensations and that 
they are of the texture of those processes which are indicated by the 
“dullness” or the “brightness” of tones or the “sharpness” of 
noises and tastes. In order to discover the grounds for “objectiv- 
ity’ (existence independent of the observer), Berliner (2) presented 
to her observers dim figures, lines, forms, colors and light-patterns, 
and later analysed the judgments which issued. The materials of 
judgment were sensations, sensory after-images, and reproduced 
images. The writer came to the conclusion that the differentiating 
factors in the impression which determine objectivity and sub- 
jectivity were intensity, quality, duration, localization, and mode of 
appearance. Martin, Porter and Nice (7) developed a method of 
faradic stimulation of the body-surface for the determination of the 


“sensory threshold” (in strictness, a j.n.r; not an RL). Although 
the method departed at important points from the standard pro- 
cedure of psychophysics, fairly constant values were obtained. It 
appears that the pressure of the stimulating electrode was not 
controlled. 
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VISION—GENERAL PHENOMENA 


BY EDWIN B. HOLT 


Harvard University 


Bernstein (3) has presented “a theory of color vision based on 
phylogenetics”’ which is mainly another revised form of Hering’s 
theory with some additional comments that are very reminiscent 
of Mrs. Ladd-Franklin. From the primitive white visual substance 
there have evolved six visual substances, each with a specific white 
valence. These substances developed, and now exist, in pairs and 
yield the six fundamental (antagonistic) sensations red, green-blue; 
yellow, indigo-blue; yellow-green, violet. But the antagonism of 
colors depends not on the retina, but on a mutually inhibitory 
relation between the corresponding (paired) color centres in the 
brain. Thus normal man has “a three-fold dichromatic system.” 
Hering’s assimilation and dissimilation give place here to excitation 
and inhibition; although “an excitation must be, in fact, always 
bound up with dissimilation; and inhibition may have the accumu- 
lation of energy, that is assimilation, as its consequence.” A 
similar hypothesis of inhibition is made by Froéhlich (9, p. 435). 

Troland (29) presents a revision of Hering’s general chemical 
theory of sensory response in which, again, Hering’s assumption 
that stimulation can excite anabolic process, is replaced (for sense 
departments in which antagonism occurs) by the hypothesis of a 
chemical interference between paired katabolic processes. Troland 
states his argument in a mathematical form which, as shown in his 
paper of 1913 where he discusses the problems of color-vision more 
in detail, is in harmony with the principles of electro-chemical 
action; as the Nernst theory of nerve stimulation and a large mass 
of rapidly accumulating evidence require. He now, from certain 
“assumptions” which are really admitted facts, derives equations, 
of a not too cumbersome sort, to describe simple response, “total 
activity,” equilibrium sensitivity, compensatory response, adapta- 
tion, recovery, etc. It looks as if certain of these equations, at any 
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rate, would have to figure in any definitive theory of vision. 
Lasareff (19) gives equations for the rise of sensitivity during the 
process of dark-adaptation, and for sensitivity in different stages 
of light-adaptation. In view of the excellence of this author’s 
aim—to describe visual processes in mathematical form, and in 
electro-chemical concepts—it is regrettable that he is not experi- 
mentally acquainted with, or at least well documented in regard to, 
the facts to be thus described. His article opens with these words: 
“The phenomena of twilight vision depend on the simple photo- 
chemical reaction in the visual purple’’; and on this fact he appears 
mainly to base his formula for the sensitivity of the light-adapted 
eye. 
Frohlich (9), in a long and important contribution, continues his 
study of the action-currents of the cephalopod eye under light- 
stimulation. Several of the most general questions relating to 
sensation are discussed. Frohlich finds evidence of two adaptation 
processes, one retinal and one central. Lights of different wave- 
length produce action-currents of different intensities and fre- 
quencies. These travel along the optic nerve to the visual center 
where, according to their intensity and frequency, they produce 
antagonistic processes—excitation and inhibition. These latter, 
of varying strength, are to be regarded as the physiological basis of 
antagonistic brightness and color perceptions. Contrast is not a 
retinal phenomenon. The following sentence well sums up what 
may be called the new programme of physiology of the Verworn- 
Frohlich school: “The course of a typical reflex is determined not 
merely by the anatomical connections of the reflex path, but also 
by the intensity, the periodicity, and the temporal variations 
(‘zeitlichen Verlauf’) of the stimulation waves that start from the 
sense-organs” (p. 358). Kohlrausch (15) confirms Piper’s (Ein- 
thoven’s and Jolly’s) analysis of the retinal action-currents into 
three components. Two of these components he has produced 
isolatedly by stimulating the (pigeon’s) eye with red and with blue 
light respectively. By stimulating with purple light he obtained 
a curve which was almost identical with the algebraic sum of the 
earlier two. He later (16) obtained similar results with mammalian 
eyes. Kohlrausch and Brossa (17, 18) report similar experiments 
on curarized animals (owl, pigeon, etc.) with the eye in situ. With 
the dark-adapted owl’s eye practically identical action-currents 
can be produced by red, yellow-green, blue, and white light-stimuli. 
With the light-adapted eye of the pigeon, on the other hand, “it 
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is quite impossible so to adjust the intensities of lights of different 
wave-length, that their respective action-currents shall be alike: 
the course of the action-current is absolutely determined by the 
wave-length of the stimulating light, and the qualitatively different 
effects of lights of different wave-length on the pigeon’s retina, is 
extraordinarily well-marked in the action-currents.” These authors 
say nothing of periodic frequencies in the action-current; and their 
work is not immediately comparable with that of Frohlich. It seems 
possible that, perhaps owing to different adjustments of the tension 
in their respective string-galvanometers, they are dealing with 
partially independent phenomena. Mosso (21) finds, from work 
on albinos, that the retinal pigment is not the only, and is not even 
the most important, factor in adaptation. 

Ewald Hering, in an introduction to the paper by Dittler and 
Satake (6), describes his method of determining antagonistic 
colors. The ordinary procedure, of finding pairs which combine 
to produce “white,” does not yield true antagonists, owing to the 
impossibility of freeing the eye of all trace of color-adaptation. A 
more reliable way is to get a mixture of two colors which appears 
white, then to reduce its obsective brightness; whereupon the mix- 
ture will now assume a tint complementary to any trace of color 
which may have existed subliminally in the previous “white.” 
The procedure is continued until, when the brightness is lowered, 
no trace of color becomes visible. This test is said to be sensitive 
to less than two wave-lengths. Hering calls color-pairs so obtained 
“antagonistic,” as opposed to the ‘complementary’ pairs found in 
the usual way. Dittler and Satake give the “antagonistic colors,” 
as determined by this method, for eleven points in the spectrum. 
A peculiar difficulty of this procedure was found in the fact that it 
was often impossible so to choose the antagonists that the “ white” 
when reduced should not look bluish. Strohal (27) studies in a 
new way the old question whether complementary colors combine 
into white (Helmholtz) or cancel each other out and leave a residual 
white (Hering). He adjusts two colors, say red and blue, so that 
the just-perceptible white increment is the same for both; to each 
color he now adds equal amounts of a color, say yellow, which is the 
antagonist of one of them. His two fields are now red+yellow 
and blue+yellow. He next ascertains the just-perceptible white 
increment for each field; and this is found to be always Jess for the 
field which is a mixture of antagonists, than for that which is made 
from two non-antagonists. From this Strohal concludes that “in 
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fact when two antagonistic colors are mixed, a mutual inhibition 
of the antagonistic chromatic stimulations results, and the gray 
that is seen is a residue phenomenon.” This would substantiate 
Hering’s contention. How this conclusion necessarily follows from 
the experimental results is not apparent to the reviewer. 
Gildemeister (10) is concerned to show that the effects of optical 
and electrical stimuli are analogous. In general this of course needs 
no demonstration: but the details are more interesting. Super- 
ficially it looks as if light were a continuous stimulus, acting unlike 
the make and break stimulations of electricity; but strong electric 
currents stimulate continuously, and faint lights stimulate only at 
the moments of application and removal. Several other parallel- 
isms between these two forms of stimulus are adduced. The author 
further finds (11) that the just-perceptible interruption of a light 
stimulus is briefer as the light so interrupted is brighter. This is in 
agreement with a familiar fact of flicker, from which, however, 
“nothing for our purpose is to be derived’’(!). But the amount of 
light subtracted during such a threshold interruption increases 
slowly with the intensity of the light. A similar law holds of elec- 
trical stimulation in nerve and muscle. Ruthenberg (24) confirms 
this result, and the two authors further agree that for very brief 
light-stimulation the threshold amount (intensity Xtime) of light 
is constant through a considerable range; the same for electricity. 
Ruthenburg shows a summation of subliminal visual stimulation. 
Roelofs and Zeeman (23) find no binocular brightness summation 
except for very minimal stimuli (on the reason for this cf. Dawson, 
reviewed in 1914). Adaptation differences between the two eyes 
frequently give an apparent binocular summation. “In both 
light- and dark-adaptation the binocular threshold is lower than the 
monocular, and in our experiments there is no suggestion of a dif- 
ference between the light- and the dark-adapted eyes such as Piper 
has reported” (p. 14). Berger (1, 2) adduces a stereostopic ex- 
periment to show that sensations transmitted by the uncrossed 
fibres of the optic nerve are incorrectly localized. His error, based 
on ignorance of the principles of stereoscopic vision, is pointed out 
by Cords (4). Laurens (20) believes that in respect of the percep- 
tion of depth and of motion daylight- and twilight-vision are, 
under some circumstances at any rate, very nearly alike. Groes- 
Petersen (12) has an interesting paper on the ‘contrast-lines’ 
which are visible at the boundary between two brightnesses or at 
any point where the first derivative of a brightness gradation sud- 
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denly changes. No explanation is offered; and the phenomena 
seem to merit further study. A. von Reuss (22) explains a some- 
what simple optical illusion visible at the intersection of lines and 
due to diffusion circles produced by inadequate accommodation. 
The reviewer believes that this illusion has been explained before. 
Thompson (28) corrects an observation of Mallock’s (1913), who 
reported that a slight mechanical shock given to the head or body 
of the observer will cause the motion of an (automobile) wheel to 
appear momentarily arrested. ‘Thomspon finds that if one observes 
the moving wheel in a mirror, a slight jar of the mirror will produce 
the same illusion. Mallock’s explanation of the phenomenon was 
inadequate; and so also is Thompson’s. 

W. F. Ewald (7) presents a long and extremely interesting study 
demonstrating the presence of simultaneous brightness contrast, 
successive contrast for both brightness and color, dichromatic central 
vision, achromatic peripheral vision, etc., in the eye of Daphnia 
pulex. The work of Katz and Révész (13) shows different degrees 
of pupillomotor reflex for a series of color stimuli in light- and in 
dark-adaptation (owl). It is concluded that the rods of the owl’s 
eye are adaptible to daylight vision (!): also that the difference 
between rods and cones in regard to adaptability, as propounded by 
von Kries’ duplex theory of vision, does not hold true. Schultz 
(25) confirms his previous findings as to the effect of santonin. 
Small doses of santonin augment violet vision; large doses lessen 
the same. As violet sensitivity decreases, yellow sensitivity in- 
creases (and conversely). Santonin acts on blue- and red-vision 
as on violet; on green-vision as on yellow. Minimal doses of digi- 
talis (26) increase the eye’s sensitivity to green, and reduce the 
sensitivity to red. 

Ferree (8) finds that for its highest efficiency, the eye requires 
“the field of vision uniformly illuminated and no extremes of surface 
brightness.” Under correct illumination the eye maintains a prac- 
tically constant efficiency for from three to four hours. The effect 
of poor systems of lighting “is not so great, however, on the ability 
of the fresh eye to see clearly as it is on its power to hold its ef- 
ficiency.” Under an intensity that gives “maximal acuity for the 
momentary judgment the eye runs down rapidly in efficiency.” 
In a system of illumination intensity is of much less importance 
than uniformity; and most of the lighting systems now in use, for 
the kind of distribution effects which they give, use too much light 
for the welfare and comfort of the eye. The author favors the 
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‘indirect’ systems of illumination. Kaz (14) believes that such 
factors as fineness of work, length of working time, etc., are not 
sufficiently considered in connection with the problem of illumina- 
tion. He undertakes to state a Gesetz des Lichtbedarfs; but ‘the 
result is singularly vague. 

Croskey (5) has published a well-arranged and convenient little 
treatise on the eye. It is too brief to give anything more than an 
elementary description of this intricate organ. 
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VISION-COLOR DEFECTS 


BY SAMUEL P. HAYES 
Mt. Holyoke College 


Stargardt and Oloff (9) present a very excellent little book for 


the guidance of officials whose duty it is to examine for color defects. 
Successive chapters deal briefly but clearly with the importance of 
color tests, normal color vision, the different types of color defect, 
and the best methods of testing and diagnosis. Where large 
numbers are to be tested the authors consider Nagel’s cards less 
satisfactory than Stilling’s book, and recommend the employment 
of spectral tests whenever the type of defect must be determined. 


2 Full directions for the use of Nagel’s Anomaloscope are printed at 


the end of the book. 
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Burch (1) describes a confusion-test which is based upon the 
same principle as the Stilling test, but allows the substitution of 
new plates at will. A series of cards, upon which letters have been 
painted in confusion-colors, is placed in a box and viewed through 
numerous holes in a zinc screen. By means of a lens the colored 
letters are put slightly out of focus to obliterate the brush-marks. 
Helmbold (3) describes a simple apparatus for testing color defec- 
tives with equations. Two movable disks 18 cm. in diameter are 
mounted side by side, with a circle of colored dots 6 mm. in diameter 
around the edge of each disk. The dots are cut from papers of 58 
confusion colors selected by reference to the work of Stilling, Nagel, 
Holmgren, Daae and the author. Over the disks is placed a shield 
with 2 holes at the center through which one dot of each disk can be 
seen at a time. By turning the disks around, any dot may be 
compared with any other, and the equation recorded by means of 
minute numbers printed beside the dots, but visible only at very 
short range. 

Edridge-Green (2) reports the results of examining 100 women 
students with Lord Rayleigh’s color-mixing apparatus,—the 
apparatus for mixing spectral red and green to match yellow, which 
led to the discovery of that type of color defect which is now called 
anomalous trichromasy. Edridge-Green reports the discovery of 
12 anomalous trichromates, and among those who made a normal 
equation, 9 were found to be defective in color, when tested in other 
ways. Edridge-Green asserts that many persons with otherwise 
normal color-perception make an anomalous Rayleigh equation, 
while many color-blind persons make a normal equation. 

K6llner (4) reports the results of examining 100 men with Nagel’s 
Anomaloscope. While 8 were clearly color-blind or anomalous, 12 
more accepted an anomalous equation when allowed to alter the 
intensity of the yellow. 

After comparing the results of many tests of this type, Kéllner 
(5) concludes that color defectives may be arranged in two series: 
(a) from the normal through those anomalous trichromates who 
demand an unusual amount of green in the Rayleigh equation, to 
the typical deuteranopes; and (b) from the normal through those 
anomalous trichromates who demand an unusual amount of red in 
the Rayleigh equation, to the typical protanopes with shortened 
spectrum. Kollner finds no transition forms between the two 
series. 


At the close of the paper Kéllner reports experiments upon “a 
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pronounced case of congenital blue-yellow blindness with red-green 
weakness like the case of Hering and Vinschgau.”” A spectral test 
showed gray zones in the yellow and the blue, but no shortening of 
the spectrum at the violet end. 

In response to Edridge-Green’s criticism that “he can find no 
connection between the luminosity and the color sense of persons 
having either normal or abnormal color sensation,” Watson (11) 
explains in detail the method of obtaining luminosity curves, and 
gives 19 plates of curves obtained from individuals having normal 
and abnormal color vision. In the discussion which followed the 
reading of this paper, Edridge-Green mentioned that he had made 
measurements, by a flicker method, of the luminosity for a color- 
blind observer and stated that these values agreed exactly with those 
obtained from a normal observer like himself. In the second paper 
(12) Watson reports the results of testing Edridge-Green and his 
color-blind subject. The luminosity values of the latter appeared 
to be quite different from Edridge-Green’s and corresponded fairly 
well with Watson’s curves from “green-blind” individuals. In 
(13) Abney and Watson give the luminosity curves of an observer 
whom the authors class as an anomalous trichromate. To readers 
not in sympathy with the Young-Helmholtz theory of three-color 
mechanisms this work will not seem convincing, especially when it 
leads to the assumption that in color deficiency one’s sensitivity to 
white light also is reduced (11, page 411). 

Among 200 railroad men re-tested with Nagel’s Anomaloscope 
and with the Nagel and Stilling cards, Napp (7) reports the discovery 
of 2 color-blind and 14 anomalous trichromates. Two subjects 
make no mistakes in the spectral tests, but are unable to pass the 
other tests. Napp classes these men as normal. Stilling (10) 
raises a vehement protest against this and asserts that much con- 
fusion has arisen in the discussion of minor color deficiencies because 
most of the men who have recently studied these cases have been 
themselves more or less color-blind. Nagel’s assumption that 
anomalous trichromates have heightened sensitivity to contrast is 
one of the evidences of this confusion; if such were the case, these 
individuals would most easily decipher pseudo-isochromatic cards. 
Stilling maintains that with loss of color-sensitivity, the response to 
simultaneous contrast is reduced or absent; such persons depend 
upon successive contrast and hence are very slow in making de- 
cisions. He believes that most of the so-called anomalous tri- 
chromates are cases of moderate color-blindness; those whose red or 
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green is unequally affected show an anomalous Rayleigh equation. 
All who cannot pass tests with pseudo-isochromatic cards should be i 
classed as defectives and excluded from railroad and steamship 
service. 

Lohmann (6) reports upon a case of color-blindness due to a 5- 
hour trip upon a glacier in Switzerland, and describes the results 
of an experiment to induce temporary color-blindness in one of his 
own eyes by gazing at a dazzling sheet of white paper. 

Usher (8) publishes a pedigree of color-blindness which had been 
nearly completed by the late Mr. Nettleship. This pedigree in- 
cludes two women, sisters, whose father and maternal grandfather 
are both reported color-blind. 
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TASTE AND SMELL 


BY E. A. McC. GAMBLE 
Wellesley College 


The only important experimental study of taste or smell which 
has come to the reviewer’s notice in the last year is the work of 
Parker and Stabler (2). These writers are convinced by observa- 
tions and experiments of their own and of others that certain fish give 
evidence of true smell-reactions. The writers adopt the view that in 
air-inhabiting vertebrates the scent-particles are in solution in the 
mucus covering the olfactory membrane when they act on the 
nerve-terminals, the view which (as the writers mention) was first 
suggested by Johannes Miller, was championed by Aronsohn, and 
was finally accepted by Nagel, but which has been rejected by both 
Zwaardemaker and Haycraft. In the opinion of the reviewer, the 
case for the liquid smell-stimulus is stated in a somewhat one-sided 
fashion since Parker and Stabler do not meet or mention some of the 
still significant objections of Zwaardemaker. Be this as it may, the 
writers, believing that taste and smell alike are liquid-stimulus 
senses, instituted an interesting series of experiments to bring out 
the most salient difference between the two senses. They worked 
upon each other, using as a stimulus (in the crucial portion of their 
experiments) the purest ethyl alcohol obtainable, a substance chosen 
because it has a true smell and a true taste and has also, when applied 
to mucous membrane, a warmish “sting.” The purpose of the 
experiments was to determine the minimum perceptible of smell, 
taste and sting. The diluting medium was distilled water in the 
taste and tactile experiments and air in the smell tests. For all, 
the concentrations are expressed in terms of molecular solutions or 
gas-dilutions. In the work with liquids, about 0.017 c.c. was 
dropped ac each trial upon the tongue near the tip or upon a non- 
gustatory region of the mouth. The smell experiments were made 
by the Valentine method; i. ¢.,a drop of dilute alcohol was evaporated 
in a jar containing a known quantity of air. At each trial, the sub- 
ject took one inhalation from the jar thus scented and one from a 
precisely similar jar in which a drop of distilled water had been 
evaporated. All the propercontrols and safeguards appear to have 
been used. The results are as follows: The weakest stimulus tasted 
was about a 3 mol. solution; the weakest stimuli which stung the 
inner surface of the cheek, the area between the lower incisors and 
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TASTE AND SMELL 113 
the root of the tongue and the area between the lower incisors and 
the lower lip were, respectively, 10, 10, and 5 to 10 mol. solutions; 
the weakest stimulus smelled was a 0.000125 mol. air-dilution. 
Thus in the case of ethyl alcohol the minimum perceptible for smell 
is only about one twenty-four thousandth of that for taste. The 
writers, therefore, conclude that the most important difference 
between taste and smell (as regards stimulation) consists in the 
vastly greater acuity of smell, although they note as a secondary 
difference the fact that the sense-organs seem to be adapted to 
substances of different chemical composition since most odorous 
substances are tasteless and most sapid substances odorless. 

Ponzo (3), makes a painstaking and suggestive comparison of 
the results of histological and psychological investigation of the 
sense of taste. His comparison is based in part upon his own study 
of the human foetus, newborn infant, older baby, older child and 
adult. Among Ponzo’s suggestions are these: The insensitive area 
on the dorsum of the tongue may have a teleological significance 
in that it may make the eater get his food more quickly to the back 
of the tongue where the swallowing reflex is excited. The special 
sensitiveness of the sides of the tongue to sour tastes may be con- 
nected with the proximity of the sublingual and submaxillary glands 
and the tendency of acid foods to provoke a profuse flow of saliva. 
Ponzo’s paper summarizes most of the data which are available in 
regard to the topography of taste and most of the speculations 
which have been based on the facts. 

Ellwood Hendrick, a writer who has technical knowledge of 
chemistry as well as literary skill but who does not show himself at 
home in physiology or psychology, has made a semi-serious plea 
(1) for a greater popular interest in the sense of smell, which he 
justly calls the “Cinderella” of the senses. 
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JOHN TRUMBULL METCALF 


CUTANEOUS AND KINASTHETIC SENSES 
BY JOHN TRUMBULL METCALF 


Princeton University 


A study of a skin area which has permanently lost much of its 
normal cutaneous sensibility is made by v. Frey (7). The author 
thinks that such a study is a valuable supplement to the work that 
has been done recently on the cutaneous sensibility of areas supplied 
by nerves which have been severed and are undergoing regenera- 
tion. In these latter experiments the sensitivity conditions are 
undergoing a continual process of change, while in the area studied 
by the author the disturbance of sensitivity is a permanent one. 
The area in question is located on the author’s right thigh, and 
aside from the fact that it came nearly twenty years ago at a time 
of great physical activity, he can assign no cause to the loss of 
sensitivity. The area has only about ro per cent. of the number 
of sensitive points normal to the region in which it is located, and 
yet as a whole it is slightly hyperalgesic. The spots react quite 
normally to their appropriate pressure, temperature, and pain 
stimuli when these stimuli are of threshold intensity. When, 
however, the stimuli are more intense, and especially if they are of 
relatively large area so that they cover more than one spot, it is 
found that sensitivity is greater than normal. This apparent con- 
tradiction the author believes can be explained by the fact that the 
pain spots in this region react abnormally slowly and there is a 
tendency for stimuli tosummate. The author can find no evidence 
of a deep-lying sensitivity to pressure like Head’s “ protopathic.” 
He does find, however, that strong pressure in one place will arouse 
neighboring pressure spots by the depression of the skin, and this 
he believes has been misinterpreted as a deeper-lying sensitivity to 
pressure at the point to which the stimulus is directly applied. 
Hacker (10, 11) renders the sensitivity of an area abnormal in 
various different ways, chiefly by rubbing solutions of drugs upon 
the skin and by injecting them beneath the epidermis. Stimuli of 
normal threshold intensity are always used in the investigation of 
the affected area. The results indicate that pain receptors lie 
nearest the surface, those for cold come next, and those for warmth 
and pressure lie deepest. Evidence is found against the disputed 
paradoxical warm sensation, though the sensation of warmth can be 
aroused by a mechanical stimulus. The author also finds support 
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for v. Frey in his contention that there is no deep-lying pressure 
sense. In another study (12) the same author tries the effect upon 
cutaneous sensibility of different chemical substances injected into 
the skin. Acids are found to lessen the receptive power of the 
nerves, producing a passing anesthesia. With properly diluted 
solutions the same effect can be demonstrated with a nerve-muscle 
preparation from a frog. The author finds evidence that this 
effect is dependent to a great extent upon the concentration of 
H-ions. Injection of an alkali results in a slight over-sensitiveness 
of the skin, but this the author regards as a secondary phenomenon 
dependent upon the hyperemia induced by the injection. In 
connection with this factor of hyperemia and the difference in 
sensitivity that comes with it an article by Pissemski (13) is of 
interest. Studying the effect of heat and cold upon the blood-vessels 
of the rabbit’s ear, he finds that they react to a change of temper- 
ature, distending for a warm stimulus and contracting with cold. 

Two histological studies of cutaneous sense organs have been 
published by Stefanelli (14) and Cohn (5). Both are comparative 
studies made upon reptiles. An article that should be of value to 
experimenters in the field of cutaneous sensations is a systematic 
study, both physical and physiological, of faradic stimuli by 
Erlanger and Garrey (6). 

Abbott (1) investigates the comparative effect of adaptation to 
different temperatures on the difference limen for given tempera- 
tures. The difference limen for a given temperature is found in 
general to vary with the variation of the preceding adaptation 
temperature. There is one point in the thermometric scale, however, 
at which difference sensitivity remains constant regardless of the 
adaptation. This point is 32.5° C., and this is very close to what 
has been estimated as normal skin temperature. The author 
advocates adopting the persistence of normal skin temperature as a 
more or less constant basis for appreciating variations in tempera- 
ture. When the skin is adapted to a certain temperature the 
temperatures between that and normal skin temperature are better 
judged according as they are nearer normal skin temperature, and 
those on the other side of normal skin temperature are confused. 
A theoretical study of the metabolism of sensory response is made 
by Troland (15). He attempts a tentative revision of the Hering 
theory, basing his discussion chiefly upon the facts of adaptation in 
the senses which he finds to be metabolic. The facts of temperature 
adaptation come in for an important share of consideration. 
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Alrutz (2) describes two demonstrations of heat sensations, 
carefully outlining the conditions under which these sensations 
arise and describing their character. He then summarizes the 
different facts reported by himself and other investigators which 
support the theory advanced by him some time ago that heat sen- 
sations depend upon a stimulation of the receptors for warmth and 
cold at the same time. The same author also reports (3) some 
remarkable phenomena observed under carefully controlled experi- 
mental conditions. Making “passes ” in the air above the fore-arm 
of a lightly hypnotized subject causes a loss in it of cutaneous 
sensibility. Great care was taken throughout to avoid suggestion, 
and a metal plate was fixed horizontally between the forearm of the 
subject and the hand of the experimenter. The kind of metal 
used for this plate made no difference, and the same effect appeared 
when the plate was of glass. When cotton or wool was used to 
cover it, however, the effect upon the subject’s forearm was markedly 
decreased. Though the greater number of experiments were made 
upon one subject, the results were confirmed with others, most of 
them trained scientists. v. Frey (8,9) experiments on the strength 
sense by means of a casing which fits the arm exactly, extending from 
shoulder to wrist. This casing is a plaster casc covered with leather, 
and when fitted to the arm it holds it rigid and extended. It is so 
arranged that when the arm is held hcrizontally weights of desired 
size can be hung upon it at two different points, one at the wrist 
and the other at the elbow. The casing prevents the weights from 
exerting pressure upon any particular point on the arm so that the 
weights are not judged in this way, but rather from the amount of 
strength exerted to raise them. This varies with the distance of the 
weight from the shoulder, and it is found that when a weight is hung 
first at the wrist and then at the elbow it is judged as heavier in the 
formercase thanin the latter. Whenthe arm withits weightis raised 
quickly the inertia should become a factor in the judgment in pro- 
portion to the angular velocity, and this is found actually to be the 
case. With this apparatus the author also makes a determination 
of the difference sensitivity for strength sensations and finds that it 
is very fine, approaching even the fineness of discrimination for 
visual intensities. He speaks briefly of the question whether the 
receptors for the strength sense are in the muscles or the joints, and 
various considerations lead him to favor the view that they lie in 
the muscles and tendons. 
Bourdon (4) tries to discover the basis of the perception of 
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movements of the whole body in a straight line. The blind-folded 
subject is placed upon a table, lying on his back, sitting, or standing, 
and the table, which is mounted on wheels, is moved in one direction 
or another, the subject indicating in which direction the movement 
has been. Experiments are also made in which, by means of a 
specially constructed apparatus, the subject is fastened tightly to 
the table. The purpose of this is to eliminate the cutaneous sen- 
sations which are otherwise aroused by the shifting of weight due to 
the body’s inertia as the table moves. The results are negative, 
tending to show that these cutaneous sensations are not the basis 
of the perception of movement. Nor does the author think that 
the sensations of movement in a straight line can be referred to the 
organ for sensations of movement of rotation. They differ from the 
latter in two ways, first in that they do not persist after the stimulus 
has been removed, and second in that they are much less delicate. 
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ORGANIC SENSATION 


BY EDWIN G. BORING 
Cornell University 


The problem of the organic sensations was definitely stated by 
Meumann (10), who pointed out that, whereas, on the one hand, 
the clinical evidence obtained from operations performed with local 
anesthesia (Lennander’s work is representative) and the physiolog- 
ical evidence point to the insensitivity of all the internal organs 
except the parietal peritoneum, the causal observations of everyday 
life and the reports of pain in pathological cases indicate, on the 
other hand, a wide range of internal sensitivity. Meumann urged 
the latter view on the basis of introspection, and supported it by 
the teleological argument. 

Becher (1) introduced stimuli into the esophagus, stomach, 
and rectum. The esophagus he found, in general, sensitive; the 
stomach and intestine, insensitive. The sensations that Meumann 
referred to the stomach, Becher attributed to the body-wall. The 
organic nature of the emotive life he explained by the sensitivity 
of the abdominal wall, the diaphragm, the pleura, the peritoneum, 
and, probably, the esophagus. The other organs, including the 
stomach, intestine, lungs, and heart, were held to be insensitive. 
In more systematic experimental work, Hertz, Cook, and Schles- 
inger (7) supported Becher as regards the insensibility of stomach 
and intestine to thermal stimuli, but showed that these organs are 
sensitive to alcohol and carminatives. 

Meantime, Kast and Meltzer (8) had explained Lennander’s 
results by showing that, although dogs operated under a local 
anesthetic gave every evidence of visceral anesthesia, the omission 
of the anesthetic led to typical pain reactions when the internal 
organs were stimulated. Since these reactions ceased when cocaine 
was injected at any part of the body, they concluded that a general 
insensitivity was produced by way of the circulatory system. 
Later (9) they showed that the exposure of a large part of the viscera 
was followed by a deadening of sensibility; the parietal peritoneum 
is least affected. These results are supported by Ritter (14), who 
made similar experiments. 

In a second paper (11) Meumann replied to Becher’s contention 
that sensations, apparently stomachic, are mediated by the body- 
wall. He insisted upon distinct sensations of emptiness, of fullness 
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and satisfaction, of hunger, and of burning in the stomach and held 
that the superficial muscular tissue is inadequate to so great a 
variety of experience. The burning sensations he demonstrated by 
swallowing large amounts of spices in capsules. He argued also for 
a specific heart and a specific lung sensation, and agreed with others 
that the veins are sensitive to pain. Becher, in his reply (2), 
reverses his former conclusion. The experiments of Hertz, Cook, 
and Schlesinger, some of which he repeated, led him to admit the 
sensibility of the stomach to cold, heat, and pain, and of the intestine 
to pressure, cold, heat, pain, and electrical stimulation. Meumann’s 
final article (12) reviewed the work of Ritter and of Kast and 
Meltzer, and clinched his plea for the widespread sensitivity of the 
internal organs. 

Hertz’s book (6) summarizes to 1911 the work done upon the 
alimentary canal. His general conclusions are that “the mucous 
membrane of the alimentary canal . . . is insensitive to tactual 
stimulation”; that “the mucous membrane of the esophagus and 
the anal canal is sensitive to thermal stimulation, but that of the 
stomach and intestines is insensitive.” “The sensation of fulness 
in the alimentary canal is due to a slow increase in the tension exerted 
on the fibers of its muscular coat.” The “immediate cause of true 
visceral pain is tension; . . . the sensation of pain in the alimentary 
canal is due to a more rapid or greater increase of tension on the 
fibers of its muscular coat than that which constitutes the adequate 
stimulus for the sensation of fulness.” 

But the debate is not ended, for Mitchell (13), writing in the 
same year, returns to the hypothesis of Lennander. By a cor- 
relation of the reports of patients before operation with his sub- 
sequent findings, he concludes that there is a “definite contrast in 
the sensibility of the parietal and visceral peritoneum in the un- 
opened abdomen in man,” and that abdominal pain may in general 
be ascribed to the former. 

Cannon and Washburn (3, 4) have established the concomitance 
of the sensation of hunger with strong contractions of the stomach, 
which, they believe, are the cause of the hunger. The hunger con- 
tractions were recorded pneumatically by a rubber balloon within 
the stomach. Carlson (5) was fortunately able to extend these 
observations upon a subject with a gastric fistula. Stomachic 
contractions and reports of hunger were recorded, sometimes for 
several hours. Besides confirming Cannon and Washburn, Carlson 
Showed that “there is a fairly close correspondence between the 
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strength of the stomach contractions and the degree of hunger 
sensations experienced simultaneously,” that with prolonged fasting 
a mild contraction is accompanied by unusually intense hunger, 
that continuous hunger is associated with gastric tetanus, that a 
single contraction of even the “twenty-seconds rhythm” (the 
weaker of the two typical stomachic rhythms) may, if fairly strong, 
give rise to a recognizable hunger pang, and that “the recognition 
of a stomach contraction as a hunger pang depends not only on the 
strength of the contraction, but also upon the rapidity of the de- 
velopment of the contraction phase.”” Mechanical pressure upon 
the mucosa is not adequate to the hunger sensation; tension of the 
muscular fibers probably is. No attempt is made to establish a 
specific sensory quality of hunger, which is said to contain “elements 
of kinesthetic sensation as well as of pain.” 
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SYNASTHESIA 
BY HEBERT SIDNEY LANGFELD 


Harvard University 


Langenbeck (4) in his article upon chromesthesia describes 
his own case. He sees colors both in connection with the vowels 
and the cardinal numbers. The sound of the words, and not the 
meaning, immediately produces the colors. This is especially - 
proven from the fact that foreign words may produce colors an- 
tagonistic to their meaning. “Rouge” and “noir,” for example, 
are accompanied by black and red respectively. A table prepared 
to show the colors reported by a number of authors to be connected 
with the vowels shows the usual divergencies. The difference of 
location of the colors by different subjects is described, and there is 
also a discussion concerning terminology. The principal part of the 
paper is concerned with the several theories as to the origin of the 
phenomenon. The important facts for and against the physio- 
logical, the Darwinian, and the psychological theories have been 
gathered from the literature. The author considers the psycho- 
logical theory of chance association to be the most adequate; 
associations which have occurred in youth and whose origins have 
been forgotten. 

C. S. Myers (6) reports an investigation he has made of the 
chromesthesia of the Russian composer Alexander Scriabin. Colors 
are so important for the musician that he wishes his “‘ Prometheus” 
to be played to the accompaniment of colored lights and his 
“Mystery” with both colors and odors. For Scriabin the colors 
are connected with the tonality of the music. He frequently notices 
a change of color before he does one of tonality. “Scriabin finds 
that as he passes from hue to hue, the successive colors correspond 
to tonalities rising by a series of fifths.” This association of con- 
secutive scales with consecutive spectral colors confirms Myers 
previous assertion “that for the full development of synesthesia, 
a strong tendency to a certain kind of association is requisite.” 
The second case described by Myers is that of a woman painter. 
The colors vary with the pitch and the timbre, and are different 
from those seen by Scriabin. Like the latter this subject is more 
“alive” to the color components than to the tonal components. 
They also agree in that “the effect of increasing the richness of a tone 
by adding to its overtones results in a ‘rise’ of the color of the tone.” 


a 
@ 
AY 
r¢ 
: 
pall 


122 HERBERT SIDNEY LANGFELD 


Coriat (2, 3) reported two cases of synesthesia. The one had 
colored hearing and taste synesthesia. Blue in its various shades 
was suggested by sounds. Unlike Langenbeck (mentioned above) 
the synesthesia was limited to English words. Numbers were 
arranged visually in geometrical forms. Colored gustation was 
not well developed. Beautiful colors tasted good, and color discords 
were nauseating. The synesthesia was irreversible and this is one 
of the facts used by Coriat in support of a physiological explanation. 
He believes in the “theory of nerve irradiation, arising from a con- 
genital defect of the nervous system.” The other case of synzs- 
thesia is that of “colored pain.” Hollow pain is blue; sore pain, 
red; deep headache, vivid scarlet; etc. 

Langfeld (5) has investigated the chromethesia of a talented 
woman musician. ‘Twoexaminations, seven years apart, were made. 
The color associations remained practically unaltered. When tones, 
which corresponded to the complementary colors, were struck 
together a gray effect was produced. In chords the color of the 
fundamental predominated. In dissonances the colors were paler. 
Langfeld believes that the facts support a physiological explanation. 

Bleuler (1) has written a long and interesting theoretical dis- 
cussion of synesthesia. Lack of space prevents details, but the 
main theme is a defense of the physiological theory as against a 


theory of accidental association. 
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DISCUSSION 


MONOCHROMATIC STIMULI OBTAINED BY MEANS OF 
FILTERS 


A recent note by Schulz! sets forth certain facts regarding the 
use of filters in color-experiments. These facts have been long 
familiar to physicists, but seem to have been largely disregarded by 
psychologists, although it is probably to the latter that they can be 
be made most useful. 

Certain purposes demand the use of stimuli extending over a 
very narrow range of wave-lengths and giving a high brightness over 
a large surface. If the source of light used gives a continuous 
spectrum, a spectrometer system is necessary for obtaining mono- 
chromatic bands in all regions of the spectrum. The total flux which 
can be passed through such a system is very small as compared with 
that emitted by the source, since the quantity available is limited by 
the comparatively small sizes in which the optical parts can be 
made, and is greatly reduced by absorption and reflection in passage 
through the system. The total area which can be highly illu- 
minated is therefore quite small; in fact, it is usually necessary to 
require the observer to look directly at the face of the lens or prism, 
keeping the eye close behind a narrow slit placed in the plane of the 
spectrum, in order to obtain sufficient illumination on the retina. 
It should be remembered also that even the narrow portion of the 
spectrum limited by the optical slit is not strictly monochromatic; 
for, due to the factor of width of the slit-openings and to multiple 
reflection in the system, there is mixed with the “monochromatic” 
band an appreciable quantity of light of all other wave-lengths. 
This fact is easily demonstrated by passing the selected band 
through a second spectrometer system. Ordinary spectral satura- 
tion is insufficient for some purposes. 

If color-filters are used with sources giving a continuous spec- 
trum, it is possible to produce a high illumination on a fairly large 
surface, but (except in the case of a few filters) the range of wave- 
lengths sensibly transmitted is quite wide, with considerable in- 

*Scnutz, H.: Ueber Gelatine-Farbfilter fiir Quecksilberlampen. Ber. d. Dtsch. 
Physik. Gesellschaft, 1913, 15, 286 ff. 
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tensity in other regions than the one whose selection is desired. 
The saturation of the stimuli thus prepared is much less than that of 
those prepared with a spectrometer system; and for many purposes 
color-filters with such a source are useless. 

If however the light-source gives a discontinuous visible spec- 
trum, made up of a comparatively small number of widely sepa- 
rated bands, this objection to the use of filters does not hold. The 
visible spectrum of the mercury vapor arc consists chiefly of four 
bright bands: one in the violet (A = 405 wu and 407 wp); one in the 
blue (A = 436 wu); one in the green (A = 546 uz) and one in the 
yellow (A = 577 mu and 579 uu). There are also bands in the red 
but they are too faint to be used for most purposes. Schulz 
demonstrates by spectrograms that each of the bright bands can be 
isolated by using certain gelatine filters, the colored materials of 
which he does not give. 

Some time ago Mr. M. Luckiesh of this laboratory prepared 
a large series of gelatine filters for other purposes; and recently 
at the writer’s request, he very kindly examined a number of them, 
to ascertain which ones would give the desired effects with the 
mercury-vapor arc lamp as a source. Examination with a grating 
spectroscope showed that none of his filters isolate the violet 
band (A = 405 wu and 407 mu). The following filters are satis- 
factory: 

For blue: two filters, one of rosazeine and one of patent blue, 
used in combination, transmit only the blue line (A = 436 up). 

For green: a combination of two filters, one of potassium bi- 
chromate and one of neodymium ammonium nitrate, transmits only 
the green line (A = 546 uy). 

For yellow: chrysoidin transmits the yellow band (A = 577 uu 
and 579 uu) and the red bands. The latter are very faint and 
hardly objectionable, but can be practically excluded by adding a 
second filter containing a mixture of naphthol yellow and naphthol 
green. This gain in monochromaticity is at some cost of bright- 
ness in the yellow band, but the latter remains bright enough for 
most if not for all purposes. 

For red, the mercury spectrum is unsatisfactory, but an auxiliary 
source may be added, such as a tungsten, Nernst or carbon lamp. 
Copper ruby Jena glass (Schott No. 2745) 6 mm. thick transmits 
appreciably only red of wave-length greater than 625 wy. If the 
source is a tungsten lamp operated at specific consumption of 1.25 
watts per candle the wave-length of maximal luminosity is about 
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655 wu. Due to the character of energy-distribution among the 
wave-lengths transmitted the wave-lengthof the spectral band giving 
the same hue is somewhat longer. Its exact value depends on the 
temperature of the source. Since wave-lengths in this region excite 
other processes than the red but very weakly, the saturation of the 
red obtained with this filter is fully as high as in red obtained under 
the best conditions with a spectrometer system. ‘The comparatively 
wide range of transmission therefore is not objectionable save in 
work which involves the factor of chromatic aberration in the 
refractive media of the eye. 

I consider these facts important, as the sources are efficient 
and the filters are readily available. Since monochromatic stimuli 
of high intensity and saturation are so easily preparable in all parts 
of the visible spectrum, there seems to be little need of further use 
of less satisfactory stimuli, such as colored papers and filters which 
with the given light source transmit a wide range of wave-lengths. 
It is quite possible that better filters than the ones named above for 
use with the mercury arc can be found. I mention them mainly 
because they are already known and available. 


H. M. Jonnson 
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NOTES AND NEWS 


In connection with the report of the committee on the academic 
status of psychology, see the February number, it is of interest to 
note that at the newly opened University of Frankfurt the courses 
in psychology under the direction of Professor Schumann are listed 
under the faculty of science along with the courses in the other 
natural sciences, and that the courses in philosophy under the 


direction of Professor Cornelius are listed under the faculty of 
philosophy. 
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NOTES AND NEWS 


Tue first numbers of the Proceedings of the National Academy of 
Sciences, which will be devoted to “the prompt publication of brief 
original papers by members of the Academy and other American 
investigators” as well as to the proceedings and official reports of 
the Academy, have been received. The editorial board consists of 
representatives of the different sciences with Professor E. B. Wilson, 
of the Massachusetts Institute of Technology, as managing editor, 


Tue following war news items of interest to psychologists have 
been taken from various sources: Professor C. S. Myers, of Cam- 
bridge University, who has been doing medical work at the front 
since October, is now occupied at one of the large base hospitals in 
France. Dr. Conrad Schréder, of Giessen, whose special field of 
investigation was the psychology of religion, was killed September 
5. The deaths of Otto Fliigel and of Anton Marty are also 
announced. Dr. A. Marie, director of the psychiatric laboratory 
at the Ecole des Hautes Etudes, was recently wounded in the head 
by a bullet and subsequently an announcement of his death was made. 


Tue decision has been reached to hold the twenty-fourth annual 
meeting of the American Psychological Association at the University 
of Chicago, December 28, 29, and 30, 1915. 

Ir is announced that among the summer courses at the Johns 
Hopkins University there will be graduate courses in a number of 
departments, including psychology. 


A course of lectures on psychoanalysis and abnormal psy- 
chology, for physicians and students of abnormal psychology, is 
announced to be given by Dr. A. A. Brill at the New York Uni- 


versity Department of Pedagogics. 


Tue University of Oregon has recently completed a new psycho- 
logical laboratory. 


Dr. T. Westey Mitts, formerly professor of physiology in 
McGill University, who contributed to the literature of comparative 


psychology, died suddenly on February 14. 


Tue daily papers announced some time ago that a Professor 
Claparéde, of the University of Geneva, had been compelled to 
resign on account of disturbances in his classes following his um 
neutral utterances. This was Hugo Claparéde, a professor of law. 
Edouard Claparéde, professor of psychology at the University of 
Geneva, retains his position, and has just returned to his duties 
with the Swiss army after a leave of two months. 
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